Abstract: Cationic starch (CS) was prepared by using epichlorohydrin (EPI) and 3-chloro-2-hydroxypropyltrimethylammonium chloride (CHPTMA) and ionic liquids (ILs) having different anionic groups [1-butyl-3-methyl imida- 
Introduction
Starch has attracted attention in recent years because of its relative low price, renewability, and biodegradability. However, the use of native starch is limited by its physicochemical properties such as water insolubility and swelling power. The performance properties of starches can be altered through such physical or chemical modifications to extend their usefulness in many applications in industrial processes. 1 Cationic starches (CSs) are generally made by treating starch with reagents containing positively charged groups. These starches have physicochemical properties that are significantly different from their raw materials.
2−4
CSs were frequently used in adsorption and extraction studies of metal ions and due to having a cationic group its mineral binding property has grown in importance. 5, 6 Ionic liquids (ILs) are inorganic and organic salts with melting points at or below 100
• C. Most ILs are composed of organic cations (e.g., imidazolium, pyridinium, pyrrolidium, ammonium, and phosphonium) and organic (e.g., trifluoromethylsulfonate, trifluoroethanoate) or inorganic (e.g., Cl − , Br − , I − , PF Th(IV) ion, a nonrenewable resource of nuclear energy present in nuclear fuel effluents, mine tailings, seawater, and other sources, is an environmental health threat. Therefore, its preconcentration, extraction, and separation from geological samples and waste sources by biopolymers is important in order to protect the environment from this radioactive element.
19−21
In the present study, starch was converted to CS by using epichlorohydrin (EPI) and 3-chloro-2-hydroxypropyltrimethyl-ammonium chloride (CHPTMA). Then ILs containing different anion groups were impregnated onto the CS and obtained sorbents were used for preconcentration of Th(IV) in aqueous solution. The results obtained from the sorbents impregnated with different ILs were compared. 
Results and discussion

FTIR analysis
SEM analysis
SEM analysis was applied to CS-ILs and thorium (IV) treated CS-ILs. Images of the surface of the samples at 250× magnification are shown in Figures 2 and 3.
It was observed that different sized spherical-like particles were present in a sense among the coarse and fine particles in the SEM image of CS (Figure 2a ). 
After being impregnated with BMI + Br − , the size of both particles and the holes inside the particles were not changed so much when compared with surface morphology of CS. However, the sizes of these holes 
The surface morphology of CS-ILs treated with Th(IV) ions (Figures 3a-3d) showed that aggregates were dissociated into extremely small particles in all IL impregnated CSs.
Thermal stability
Thermogravimetric analysis (TGA) was used to determine the thermal decomposition behavior of CS, CS- 
Interaction between cationic starch and ionic liquids
The schematic illustration of the interaction between CS and ILs is given in Figure 5 . The anionic parts of the ILs interacted with positively charged groups of CS by the electrostatic interaction. Moreover, the imidazolium groups of ILs interacted with the lone pair of electrons of oxygen atoms in the hydroxyl groups of CS.
Effect of pH on the sorption of thorium ion
The effect of pH on the preconcentration of thorium(IV) ion by CS was investigated and the results are given in Figure 6 . As seen from the figure, in the range of pH 6.0-8.0, thorium (IV) was preconcentrated with approximately 73% sorption capacity by CS. The experiments were repeated for different IL impregnated CSs. The results showed that sorption values were increased up to 98%-100% for all ILs. However, the IL difference did not affect the pH of metal ion preconcentration. Therefore, the optimum pH value was accepted as pH 7.0 for all other experiments. 
Sorption capacity
To determine the sorption capacity of the sorbents, different volumes of 5 µ g mL −1 Th(IV) were passed through the column. The loaded Th(IV) ions were eluted with stripping solutions from each sorbent and measured spectrophotometrically. 
Stripping of thorium from CS-ILs
In order to determine the stripping of Th(IV) from sorbents, hydrochloric acid and sodium hydroxide with concentrations of 0.1, 0. 
Conclusion
In this work, CS-based solid phase extraction sorbents having different ILs were used to separate Th(IV) ions from aqueous solutions and for preconcentration of this ion.
The optimum pH value for preconcentration of Th(IV) ions was pH 7.0. Th(IV) was preconcentrated with approximately 73% sorption capacity by CS but this value increased up to 98%-100% for IL impregnated sorbents. The IL difference did not affect the pH. 
Experimental
Materials, reagents, solvents, and measurements
Thorium concentrations were determined spectrophotometrically by arsenazo-III method with a Shimadzu 1601 UV-Vis spectrophotometer.
30−32
FTIR spectra of the obtained sorbents and ILs were recorded with a PerkinElmer Spectrum BX-II Model Fourier Transform IR spectrometer using KBr pellets in the range of 4000 and 400 cm −1 , at a resolution of 4 cm −1 , and with an average of 50 scans.
Morphological analyses of samples were performed with an emission scanning electronic microscope (SEM), JEOL JSM 6300F, operated at an acceleration voltage of 10 kV.
Thermal analyses of the samples were carried out using a PerkinElmer Diamond TG/DTA instrument.
The analysis was performed under nitrogen flow from 30
• C to 600
• C at a heating rate of 10
A Denver 215 model pH meter for adjustment of pH and a Heidolph MR standard magnetic stirrer were used for the preparation of the sorbents. The solvents during synthesis of ILs were evaporated by a Buchi Rotary evaporator. Millipore Milli-Q system ultrapure water equipment was used during the study. , and all other reagents used were of analytical reagent grade and were used without any further purification. Potato starch was dried in an oven for 2 h at 105
• C before use. The water used throughout the study was deionized.
The stock thorium solutions were prepared by dissolving analytical reagent grade nitrate salt of thorium(IV) (Merck) in ultrapure water. Working solutions were prepared by appropriate dilution of the stock solutions. For pH adjustments, NaOH and HCl solutions were used.
Preparation of cationic starch
In order to prepare CS, 1.62 g (10 mmol) of potato starch was mixed with EPI as cross-linking agent and also with CHPTMA in alkali medium of NH 4 OH (25% solution) and NaOH. The molar ratios used were 0.030 (EPI):0.010 (NH 4 OH):0.050 (NaOH):0.372 (H 2 O):0.030 (CHPTMA). The mixture was stirred for 24 h at room temperature at 500 rpm. The product was filtered and washed with deionized water up to neutral pH. Then the product was washed further with ethanol and acetone. Finally it was dried at 45
• C for 3 h. 
Preparation of ionic liquids
ILs having different anionic groups ( Figure 7 ) were synthesized and impregnated onto CS. ILs were mainly synthesized according toÖzdemir et al. 33 and Ceyhan et al. 34 Therefore, the preparation procedures given here were shortly and modified in the following parts. 
1-Butyl-3-methyl imidazolium bromide (BMI
A mixture of 0.04 mol N-methyl imidazole, 0.04 mol butyl bromide, and 25 mL of toluene was refluxed at 60-70 • C for 2 h. After cooling to room temperature, the lower phase, which contained the product, was separated from the upper phase. The product was washed a few more times with toluene and yellowish viscous liquid was obtained in 95% yield.
1-Butyl-3-methyl imidazolium tetrafluoroborate (BMI
First 0.02 mol imidazolium bromide salt, 0.02 mol NH 4 BF 4 , and 50 mL of dichloromethane solvent were mixed at room temperature for 24 h. Then ammonium bromide was filtered and the solvent was evaporated using a rotary evaporator. The yield was calculated as 75%.
1-Butyl-3-methyl imidazolium hexafluorophosphate (BMI
First 0.02 mol imidazolium bromide salt and 0.02 mol NH 4 PF 6 were added to 50 mL of dichloromethane. The mixture was then stirred at room temperature for 24 h. At end of the reaction, ammonium bromide was filtered and dichloromethane was evaporated using a rotary evaporator. The yield was calculated as 75%.
1-Butyl-3-methyl imidazoliumbis-[(trifluoromethyl)sulfonyl]imide BMI
First 0.02 mol imidazolium bromide salt was added to 50 mL of dichloromethane and mixed. Then 0.02 mol bis(trifluoromethanesulfonyl)imide salt of lithium was added to the stirring solution of imidazolium bromide salt. The mixture was left stirring for about 24 h at room temperature. Then the lithium bromide salt was filtered and the concentrated AgNO 3 solution was added to the solution. The resulting solution was washed with pure water so that AgBr was allowed to pass into the water phase. Then dichloromethane was evaporated with a rotary evaporator. The yield was calculated as 60%.
Preparation of ionic liquid impregnated cationic starch
First 0.5 g of CS was added to a solution of 0. in acetone. The mixture was then stirred for 24 h at room temperature, filtered, and washed with deionized water. The resulting material was dried at 45 • C for 3 h.
Preconcentration method
First, 0.1 g of CS-IL sorbent was wetted in 5 mL of methanol and 5 mL of ultrapure water was added. The mixture was transferred to the solid phase extraction column. Later, 10 mL of methanol:water (10:90) was passed through the column. In the preconcentration experiments 50 mL of 5 ppm Th(IV) solution was used.
The pH of the solution was adjusted to 7.0 and then passed through the column at a flow rate of 1.0 mL min NaOH for CS-BMI + PF − 6 sorbents. Eluted ions were determined spectrophotometrically at 667.5 nm after the addition of 1 mL of KCl/HCl buffer and 0.2 mL of arsenazo III in a total volume of 5 mL.
